Promises
Human DNA sequencing opens the door wide on promising perspectives in cardiovascular genetics.
NEW MORBID GENES AND VARIANTS
Although positional cloning has allowed major breakthroughs in the understanding of the genetic background of various familial and often rare diseases, including myocardial disorders (hypertrophic cardiomyopathy), arrhythmic disorders (long QT syndrome), vascular diseases (Marfan syndrome) or various congenital heart diseases, a number of monogenic cardiovascular disorders remain unravelled.
2 Arrhythmogenic right ventricular cardiomyopathy, dilated cardiomyopathy or mitral valve prolapse have been associated with chromosomal loci but the underlying molecular defect remains unknown. The publication of lists of genes included in the morbid loci associated with these disorders should therefore allow a more rapid identification of morbid genes.
An even more exciting impact of the HGP on cardiovascular medicine is the identification of genetic variants associated with the more prevalent complex diseases such as atherosclerosis or hypertension. Until now, the genetic strategies used to identify susceptibility genes in these disorders have been in part limited by the small number of variants available. The systematic description of all common variants contained in the human genome, including single nucleotide polymorphism, 3 should allow the development of new and powerful strategies to unravel the genetic components of these complex cardiovascular disorders.
GENETIC RISK, "REVERSE MEDICINE", AND PREVENTION The identification of numerous new morbid genes should provide useful diagnostic tools for the assessment of the genetic risk in a given family, especially in the younger generation where penetrance is often incomplete as observed in hypertrophic or dilated cardiomyopathy. Risk stratification based on genotyping is another interesting perspective in cardiology: in hypertrophic cardiomyopathy, mutations occurring in the myosin binding cardiac protein C gene are associated with a significantly smaller risk of death or disease related events than mutations in the myosin heavy chain gene. 4 The genetic status has therefore become an element of prognostic evaluation in aVected subjects.
Another perspective includes "reverse medicine"-for example, reassessment of the accuracy of the clinical criteria used for phenotyping, or the search for new, more sensitive and specific diagnostic criteria based on the genetic status. 5 Since phenocopy is a common situation in cardiovascular diseases (for example, hypertrophic cardiomyopathy and hypertensive heart, dilated cardiomyopathy and ischaemic heart disease with cardiac dilation), and since the phenotype appears highly variable among individuals sharing the same mutation, this "cross talk" process between geneticists and cardiologists is important for the purpose of the definition of well characterised phenotypes.
The impact of the HGP on the prevention of complex multifactorial disorders is another potential important contribution to cardiovascular medicine. The identification of various susceptibility genes in combination with behavioural and environment factors in an individual could lead to the development of special prevention programmes or even early medical intervention in order to slow down the development of atherosclerosis or hypertension.
GENE BASED PHARMACOTHERAPY
Preliminary data suggest that unravelling the molecular defects involved in various monogenic disorders may result in specific therapeutic strategies: sodium channel blockers might bring benefit in long QT syndrome related to mutations in the sodium channel gene but not in the potassium channel gene. 6 Women bearing the factor V Leiden variant are at high risk of cerebral vein thrombosis when using oral contraceptives. 7 In common complex disorders, a major challenge will be to identify genotype related diVerences in drug eYcacy or toxicity. Since cardiovascular pharmacology is characterised by polypharmacy and mass treatment, pharmacogenomics is of particular importance to identify subgroups of patients likely to benefit from various medical interventions.
The design of new treatments based on gene products such as rtPA (recombinant tissue plasminogen activator) for acute myocardial infarction, or etanercept (tumour necrosis factor (TNF ) soluble receptor fusion protein) for heart failure is another promising perspective, and the identification of new genes with new functions should foster this rapidly expanding area.
Questions and doubts
A COLOSSAL COMPLEXITY Two important items of information have been provided by studies conducted in monogenic cardiac disorders over the past decade.
Firstly, genetic heterogeneity is the rule for many disorders, including hypertrophic, dilated cardiomyopathies, and the long QT syndrome. The high number of genes, mutations, and chromosomal loci reported so far in diVerent familial entities, the fact that some of these genes are confined to one or a few pedigrees, and finally the fact that many mutations are "private", makes genetic testing a technical challenge which will need the development of powerful automated technologies such as microarrays.
Secondly, establishing the phenotype-genotype relation is a diYcult task. Because of the genetic heterogeneity, the role of other factors such as gene-gene interaction or the role of environment, it is presently diYcult to establish precise correlations between genotype and prognosis or disease related morbid events in diseases such as hypertrophic cardiomyopathy, and many exceptions to the initial conclusions have been reported making genetic counselling diYcult even within one single pedigree. Obviously, there is a need for a worldwide database in order to clarify this issue and we must recognise that in these diseases genetic based risk stratification is at present beyond our possibilities. In complex diseases, the identification of the impact of genetic variants on diagnosis, prognosis or treatment will need a rigorous methodology based on large populations samples, ethnic homogeneity, and replication of results in order to avoid contradictory results as observed with angiotensin converting enzyme I/D polymorphism and the risk of coronary artery disease. 8 Moreover, in these multifactorial diseases, the magnitude of the risk conferred by a variant is usually low and depends on a complex and unknown interplay with environmental factors or with other genes. In this regard, elucidating the role of modifier genes which influence the clinical presentation or the outcome of otherwise familial or non-familial disorders will be a major scientific challenge. 9 It will require large, perfectly well characterised phenotyped populations and powerful complex statistical methods to identify an eVect which remains of small magnitude and may be the net result of the combination of aggravating and protecting genes, a domain which remains largely unexplored.
KNOWLEDGE GAP
Thanks to the HGP, a number of new genes encoding proteins with unknown function will be in the public domain. The next step will therefore be to explore the expression and the role of these newly discovered proteins in normal cardiomyocytes, smooth muscle cells, and in various experimental models. The fact that mutations in a similar gene, LMNA, may result in apparently unlinked diseases such as Emery-Dreyfuss muscular dystrophy, cardiomyopathy or lipodystrophy introduces another degree of complexity. 10 11 A tremendous scientific eVort is therefore needed for integrated cardiovascular physiology and pathophysiology based on these new tools at a time when the academic sector lacks physiologists. It is therefore of paramount importance to return to cellular and organ physiology to take advantage of this wealth of new information and concepts, leading to the so called "functional genomics".
TREATMENT
Gene based therapy in many of the cardiovascular disorders reviewed here appears uncertain. One reason for this is the high genetic heterogeneity reported in a single disease making the choice of a gene of interest diYcult. Another reason is the fact that the molecular mechanism of the mutation is often dominant negative and not haplo-insuYciency. 12 Finally, in multifactorial disease where the genetic abnormalities play only a minor risk, this strategy might not be fruitful.
PREDICTIVE MEDICINE
The remarkable eVorts made to develop predictive medicine or presymptomatic counselling are partly limited by the fact that few treatments are available once the disease appears, as in hypertrophic cardiomyopathy, whereas prophylactic surgery may be advised in other disorders such as Marfan syndrome. The medical benefit brought to the patient by predictive medicine must therefore be balanced by the psychological burden of diagnosis and the therapeutic options available. Obviously, there is a need for a cautious multidisciplinary approach including cardiologists, psychologists, and geneticists.
Conclusion
Thanks to the HGP, we are facing an unprecedented revolution in concepts of biological pathways and molecular basis of cardiovascular disorders. To allow the translation of this new information from laboratories to the health care setting, it is mandatory to design appropriate educational programmes targeted to physicians and patients. The gap of knowledge is enormous among cardiologists and the public. Fair scientific information pinpointing the perspectives but also the limitations of cardiovascular genetics is the next step in order to address the issues raised by the HGP on confidentiality, ethics, insurability, and genetic discrimination.
Comprehensive education programmes should therefore be the next step in order to ensure proper use of the new information available by the physicians and to sensitise the cardiovascular community to the wealth of scientific, medical, and therapeutic implications brought by the HGP. 
